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ABSTRACT 
For olive genetic improvement work it is very important to obtain a high rate of 
seed germination and a shortening of the juvenile period of the plants raised. By in vitro 
embryo culture, a 100% of germination is attained in a few days and the supply of 
adequate nutritive solutions and photoperiod speeds up seedling development during 
hardening, thus shortening juvenility. Mycorrhizal is another resource to improve plant 
development. This work attempts to know the effect of the vesicular-arbuscular 
mycorrhizal Glomus intraradices on the survival and development of olive seedlings 
obtained by in vitro embryo germination, during greenhouse hardening phase. 
Olive seedlings obtained by in vitro embryo germination were transplanted to pots 
with sterile sandy soil. Half of the pots were inoculated with 5g of Glomus intraradices. 
Afterwards, the pots were transferred to a greenhouse and watered at field capacity. After 
180 days in this conditions, the number of dead plants, stem and shoot length of the 
surviving plants, and leaves, stems, shoots, roots and whole plant fresh and dry weight 
were recorded. Also, the nutritive status of the above indicated organs was analysed. N 
was determined by Kjeldahl digestion and mineral nutrients (P, K, Ca, Mg, Fe, Mn, Cu, 
Zn) by ICP-OES. Soil texture was determined according to the method of Gee and Bauder 
(1986) and chemical fertility according to Page et al. (1982). 
The treatment with mycorrhizal fungus Glomus intraradices significatively 
increased (from 71 to 88%) the number of surviving plants after ex vitro transfer. The 
effect of the symbiosis plant-fungus was even more spectacular on the development of the 
surviving plants, three-folding fresh weight, dry weight and plant size (from 6 to 18 g, 2.5 
to 7.6 g and 31 to 91 cm, respectively) after 180 days of culture. The better growth of the 
treated plants coincided with a higher nutrient acquisition, particularly P, in a low 
chemical fertility medium, as was the substrate used. 
INTRODUCTION 
For the olive breeding works it is very important to reach a high proportion of seed 
germination and a shortening of the juvenile improductive phase. By in vitro culture of 
isolated mature olive embryos very high germination percentages have been obtained 
(Troncoso et al., 1991; Voyiatzis and Pritsa, 1994; Voyiatzis, 1995) in few days, even 
reaching 100% (Acebedo et al., 1997) and by using appropriate nitrogen forms and 
concentrations (García et al., 1994; Sarmiento et al., 1994) and sugar (García et al., 2002) 
a high in vitro growth of the seedlings was obtained. The use of a suitable substratum 
(Rugini, 1984), nutritive solutions (García et al., 1999) and photoperiod (Alvarado, 1994) 
during the hardening phase also increases the plant development. With the plants in the 
field, pruning and cultivation conditions also influence their growth speed (Lavee, 1990; 
Lavee et al., 1996; García-Ortiz et al., 2001; Navarro and Parra, 2001). Due to the 
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existence of a relationship between plant development and length of the juvenile phase 
(Natividade, 1957; Rugini, 1986; Bellini, 1993) the increase of growth indicated in the 
above works leads to a shortening of olive plant juvenile period (Acebedo et al., 1997; 
Liñán et al., 1999). Nevertheless, it would be necessary to shorten even more the olive 
juvenility by further increasing of the plant growth speed. 
Arbuscular mycorrhizal (AM) is a very effective method to increase plant survival 
and development during hardening (Hooker et al., 1994; Azcón-Aguilar et al., 1997) and 
consequently it would help to shorten plant juvenility. Also, as olive tree normally grow 
in bad quality soils, the results obtained with mycorrhizal young olive plants growing in 
poor substratum could be of interest to be applied in field situations. This work aims to 
know the effect of the mycorrhizal olive plant-Glomus intraradices fungus on the 
survival, growth and mineral composition during the hardening of olive seedlings (cv 
Manzanillo) obtained in vitro by mature embryo germination. 
MATERIAL AND METHODS 
Manzanillo olive seedlings obtained from in vitro embryo germination were 
transplanted after 60 days of in vitro culture to outside conditions according to Cantos et 
al. (1993). After 20 days of a first hardening period in a culture chamber, 16 plants were 
newly transferred to pots with 2 kg of sterile sandy soil (Table 1) and other 16 plants to 
similar pots with the same quantity of the same soil but previously mycorrhized by 
Glomus intraradices fungus (isolate 11AG8903). Micorrhizal inoculum was provided by 
R. Azcón (E.E. “Zaidin”, CSIC, Granada, Spain) and consisted in a mixed rhizosphere 
samples containing spores, hyphae and mycorrhizal root fragments. Twenty grams of 
inoculum were added to each pot. The potted plants were placed in a greenhouse where 
only received tap water irrigation, maintaining the substratum at field capacity. 
The number of dead plants, and stem, shoots and total growth of each plant were 
recorded at 0 (initial), 30 and 180 (final) days of greenhouse cultivation. At the end of the 
experiment, presence of fungus in the plant roots was checked by treating the roots with 
hot 10% KOH, stained with 0.05% Trypan blue in lactic acid, de-stained with 50% 
glycerol, mounted on slides, and observed directly under microscope (Phillips and 
Hayman, 1970). Nutritional status of the plants (roots, stem-shoots and leaves) were also 
analised. N was determined by Kjeldahl digestion and mineral nutrients (P, K, Ca, Mg, 
Fe, Mn, Cu, Zn) by wet oxidation with concentrated HNO3 under pressure using a 
Milestone Ethos microwave digestion system. Analyses of mineral nutrients in the 
extracts was performed by ICP-OES. 
Particle size distribution in soil samples (2 mm) was determined by the 
hydrometer method (Gee and Bauder, 1986) and the soil chemical properties (Table 1) 
were determined according to Page et al. (1982). 
Stem and shoot length was measured with a ruler and the total plant size was 
considered the sum of the length of the stem and each shoot. Fresh and dry weights were 
determined and hydration calculated from the formula:  
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RESULTS AND DISCUSSION 
The soil used as substratum (Table 1) is a sandy, neutral pH soil, very poor in 
calcium carbonate. It has very low levels of organic matter (OM), N, Ca and Mg and also 
low P, K, and Fe. Then, the soil can be considered of low fertility. 
Figure 1 shows the presence of Glomus intraradices hyphae in the roots of the 
mycorrhizal olive plants, indicating that symbiosis had occurred. 
As a consequence of the transplanting crisis, 7 plants of the control group and only 
3 of the treated died. This could be a first beneficial effect of the plant-fungus symbiosis. 
There were no significant differences in the growth, both apical (stem) and lateral 
(shoots) and the total plant between mycorrhizal and non mycorrhizal plants during the 
first 30 days of cultivation (Table 2). But at the end of the experiment (180 days) the stem 
of the mycorrhizal plants had reached double length of that of control plants and also the 
number of new lateral shoots of the treated plants was significantly higher than control. 
Due to this, the average growth of the lateral shoots of inoculated plants was higher than 
the control but not enough to be significant. The greater apical and total lateral (average 
per number of shoot) growth provoked that mycorrhizal plants reached after 180 days of 
cultivation a length 3 times higher than the control plants (Table 2). 
Due to a greater size, mycorrhizal plants had higher fresh and dry weights for 
every organ considered and as total plant (Table 3). Mycorrhizal also provoked a higher 
hydration level in root and leaf indicating more efficient water absorption. 
Nutrient levels were also affected by mycorrhizal (Tables 4 and 5). When the 
nutrient content was considered as a percentage or ppm, only the values for P and Fe of 
the mycorrhizal plants were clearly higher than control (Table 4). But if the total quantity 
per plant of each element is compared, the mycorrhizal plants, because of its greater size, 
show higher levels than control for all the nutrients considered, particularly P and Fe. 
Due to the low fertility of the substratum (Table 1) and the irrigation with only tap 
water, the control plants developed poorly (Tables 2 and 3), less than similar olive plants 
irrigated with nutritive solution (García et al., 1999). Despite of the bad nutritive 
conditions, the olive plants inoculated with Glomus intraradices improved survival after 
in vitro-ex vitro transplanting and increased development (Tables 2 and 3). The positive 
influence of mycorrhiza on plant development was reported by Abbott and Robson (1984) 
for plants under poor fertility conditions. The positive effect of mycorrhizal was related to 
better root and leaf hydration (Table 3) and higher nutrient absorption, mainly P and Fe 
(Tables 4 and 5). Some authors (Rosendahl and Rosendahl, 1991; Subramanian et al., 
1997; Abdel-Fattah and Shabana, 2002) reported the positive influence of mycorrhizal on 
plant water content and others (Timmer and Leyder, 1978; Tinker, 1980; Allen and 
Cunningham, 1983; Pons et al., 1983; Barea, 1991; Tobar et al., 1994a;b; Azcón et al., 
1996) related mycorrhizal with a better nutritional status. Clark and Zeto (2000) related 
this plant-fungus behaviour with a greater colonisation of soil volume, absorption and 
excretion of some chemical compounds. 
Thus, mycorrhizal improve survival and development of olive seedlings in poor 
soil and fertility conditions which could be of interest for both shortening juvenile phase 
and plant cultivation of olive in bad quality soils. 
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Table 1. Characteristics of the soil used as substratum. 
Texture (%)  % mgkg-1 
Sand Loam Clay pH CaCO3 OM N P K Ca Mg Fe 
76 8 16 7 1 0.8 0.03 16 199 161 113 20 
 
 
Table 2. Statistical differences between average growth of the non mycorrhizal (control) 
and mycorrhizal olive plants. Different letters in rows indicate significance at the p≤0.01 
level among control and mycorrhizal plants. 
 Treatment Days from 
transplanting  Non mycorrhizal olive plants 
Micorrhizal 
olive plants 
Stem (cm) 6.43a 6.56a 
Shoot (cm) 0.40a 0.43a 
Shoot (nº) 0.25a 0.31a 0 
Total (cm) 6.59a 7.21a 
Stem (cm) 7.55a 7.34a 
Shoot (cm) 1.57a 2.31a 
Shoot (nº) 1.14a 1.27a 30 
Total (cm) 8.88a 9.61a 
Stem (cm) 21.22a 44.76b 
Shoot (cm) 6.06a 8.42a 
Shoot (nº) 1.62a 6.00b 180 
Total (cm) 31.33a 91.03b 
 
Table 3. Fresh and dry weights, and hydration of the mycorrhizal and non mycorrhizal 
olive plants after 180 days of cultivation. Different letters in rows indicate significance at 
the p≤0.01 level among control and mycorrhizal plants. 
 Treatment 
  Non mycorrhizal 
olive plants 
Micorrhizal 
olive plants 
f.w. (g) 3.0a 6.9b 
d.w. (g) 1.0a 1.8ab Root 
H (%) 66.6a 73.9b 
f.w. (g) 1.5a 5.7b 
d.w. (g) 0.8a 3.0b Stem and shoots H (%) 46.6a 47.3a 
f.w. (g) 1.5a 5.5b 
d.w. (g) 0.8a 2.4b Leaf 
H (%) 46.6a 56.4b 
f.w. (g) 6.0a 18.1b 
d.w. (g) 2.6a 7.2b Total plant 
H (%) 56.6a 60.2ab 
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Table 4. Nutrient contents in the mycorrhizal and non mycorrhizal plants after 180 days 
of cultivation. 
 % d.w. ppm 
 N P K Ca Mg Fe Mn Cu Zn B 
Non mycorrhizal 1.66 0.04 0.77 0.86 0.15 568 66 16 11 17 
Mycorrhizal 1.46 0.10 0.78 0.85 0.15 1023 48 22 10 15 
 
 
Table 5. Total nutrient contents in the mycorrhizal and non mycorrhizal plants after 180 
days of cultivation. 
 mg per plant g per plant 
 N P K Ca Mg Fe Mn Cu Zn B 
Non mycorrhizal 40 1 20 22 4 1 0.2 0.04 0.03 0.04 
Mycorrhizal 110 7 56 61 11 7 0.3 0.15 0.07 0.10 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Root section of mycorrhizal olive plants under optical microscope after 
staining with Trypan blue. Numerous vesicles along with the arbuscule-hyphal 
network can be seen indicating that symbiosis had occurred. 
